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The living genome 
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The living genome 


-­‐ promoters
-­‐ enhancers
-­‐ silencers
-­‐ insulators
-­‐ etc.

2 



  

DNaseI Hypersensi>ve	
  site	
  

Promoters	
  

     

DNaseI hypersensitive sites (DHSs) mark regulatory DNA 


(DHS) 

Enhancers	
  

~100,000 – 250,000 DHSs per cell type (0.5-1.5% of genome)
 

Thurman et al, Nature, 2012
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The living genome 
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Surveying the regulatory DNA landscape 

Adult cells and tissues 
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Surveying the regulatory DNA landscape 

Developing cells and tissues 
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An available atlas of human regulatory DNA 
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Actuation of regulatory DNA
 
is highly cell-selective
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Regulatory regions are highly cell- and lineage-selective 
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Regulatory regions are highly cell- and lineage-selective 


Stergachis et al Cell 2013 
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Regulatory DNA and genes 

are highly interconnected 
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The living genome 
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The living genome 


-­‐ promoters
-­‐ enhancers
-­‐ silencers
-­‐ insulators

RNA 

-­‐ etc.
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The living genome is fundamentally non-linear 


Genomic distance ≠ actual distance 


Liberman / Mirny / Dekker Science 2009
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 Regulatory DNA and genes are densely interconnected in cis
 

The average enhancer is connected to 1-2 genes 


The average gene (promoter) is connected to 15-20 enhancers 

Thurman et al. Nature 2012 

Maurano et a., Science 2012 15 



 
 

Developmentally persistent 
accessibility at regulatory DNA 

provides ‘memory’ of prior 
cell states 
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Developmental persistence of enhancer accessibility 


Stergachis et al Cell 2013 17 



 
 

Regulatory DNA variation
 
associated with common
 

diseases and traits 
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All genetic variation is 

interpreted in an epigenetic 


context
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Identification of disease- and trait-associated variation by GWAS 


GWAS Studies Distribu>on of GWAS SNPs vs. genes

Maurano et al., Science 2012 20 



     

    

           

Identification of disease- and trait-associated variation by GWAS 


GWAS Studies Distribu>on of GWAS SNPs vs. genes

GWAS disease/trait associated variants
 
x 


Maps of regulatory DNA in >300 diverse cell and tissue types
 

Maurano et al., Science 2012
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Disease-associated variation
 
is concentrated in
 
regulatory DNA
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Disease- and trait-associated SNPs are concentrated in regulatory DNA 


Maurano et al., Science 2012
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The effect increases monotonically with other measures of 

higher quality associations 


Maurano et al., Science 2012
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Disease- and trait-associated SNPs are concentrated in regulatory DNA 


~1.8-fold for all replicated variants in all disorders 

>10-fold for specific disese-cell type pairings 
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GWAS variants selectively 

localize in regulatory DNA of 


pathologically relevant
 
cell types 
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Disease-associated variation clusters in pathogenic or target cell types 


Maurano et al., Science 2012
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Cell-selective enrichment of trait-associated variants 


Red blood cell traits 
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Variants associated with
 
diseases and traits with
 

developmental contributions 

preferentially localize in fetal 


regulatory DNA
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Surveying the normal epigenomic landscape 

Developing cells and tissues 
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Most variants lie in regulatory DNA of fetal origin 


Maurano et al., Science 2012
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Fetal regulatory variants are enriched in traits & diseases with 

known links to intrauterine exposures 


Maurano et al., Science 2012
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Correcting genetic associations 

for epigenetic circuitry 


Regulatory DNA harboring disease-associated 

variants mainly controls distant genes
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The epigenome and genes are densely interconnected in cis
 

The average enhancer is connected to 1-2 genes 
The average gene (promoter) is connected to 15-20 enhancers 

Thurman et al. Nature 2012 
Maurano et a., Science 2012 34 



Regulatory GWAS variants linked to distant genes with causative potential 


Chromatin 
interactions 

(ChIA-PET ) 
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Regulatory GWAS variants linked to distant genes with causative potential 


Chromatin 
interactions 

(ChIA-PET ) 
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Regulatory GWAS variants linked to distant genes with causative potential 


Chromatin 
interactions 

(ChIA-PET ) 
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Regulatory GWAS variants linked to distant genes with pathogenic potential 


Maurano et al., Science 2012
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Disease-associated variants 

selectively localize to relevant 
transcription factor 

recognition sites 
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Within regulatory DNA, disease-associated variants systematically 

localize within relevant TF recognition sites 
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DNaseI hypersensitive sites mark regulatory DNA 
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Disease/trait variants specify allelic chromatin states 


Overall, 20.5%	
  of GWAS SNPs exhibit significant allelic imbalance 

For those with high sequencing depth (>200x), 38.7%

Maurano et al., Science 2012 42 



Disease-associated variants 

cluster in regulatory pathways 

and form regulatory networks 
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~25% of inflammatory disease-associated variants in regulatory DNA 

perturb the JAK/STAT pathway 


P < 1.6 x 10-13
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A common regulatory network for autoimmune disease 


Maurano et al., Science 2012
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A common regulatory network underlies diverse malignancies 


Maurano et al., Science 2012
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 Regulatory DNA maps enable
 
pinpointing of disease/trait-

relevant cell types 
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Cell-selective enrichment of trait-associated variants 


Red blood cell traits 

48 



     

Selective enrichment of GWAS variants in pathogenic cell types 


Maurano et al., Science 2012
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Selective enrichment of GWAS variants in pathogenic cell types 


Maurano et al., Science 2012
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Perspective:

 Genes vs. ‘causal variants’
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Many ways to break the clock 
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Functional regulatory vs. coding/splicing mutations 
Why should we expect anything different? 
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Common Disease/ Rare (Mendelian) 
Trait Disease/Trait 

Nature & 

Proportion
 
of variation
 

Regulatory 

Protein 

Regulatory 

Protein 

Effect of each Very weak Very strong 
variant 
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